Abstract
The observation of the bottom, strange baryon Ξ 0 b through the decay chain Ξ 0 −5.4 candidates is observed whose probability of arising from a background fluctuation is 3.6 × 10 −12 , corresponding to 6.8 Gaussian standard deviations. The Ξ 0 b mass is measured to be 5787.8 ± 5.0(stat) ± 1.3(syst) MeV/c 2 . In addition, the Ξ − b baryon is observed through the process Ξ The quark model has had great success in describing the spectroscopy of hadrons. For the c and b mesons, all of the ground states have been observed [1] . The spectroscopy of c baryons also agrees well with the quark model, and a rich spectrum of baryons containing b quarks is predicted [2] . Until recently, direct observation of b baryons has been limited to a single state, the Λ 0 b (quark content |udb ) [1] . The accumulation of large data sets from the Tevatron has improved this situation and made possible the observation of the Ξ − b (|dsb ) [3, 4] , the Σ ( * ) b states (|uub , |ddb ) [5] , and the Ω b (|ssb ) [6, 7] . In this paper, we report the observation of an additional heavy baryon and the measure- This analysis combines the trajectories of charged particles to infer the presence of several different hadrons in the decay chains. The decay point for each weak decay process in the decay chain is reconstructed and used to identify the corresponding hadron. Consequently, it is useful to define two quantities that are used frequently throughout the analysis that relate the paths of weakly decaying objects to their points of origin. Both quantities are defined in the transverse view and make use of the point of closest approach r c of the particle trajectory to a point of origin r o and of the measured particle decay position r d . The first quantity used here is transverse flight distance f (h) of hadron h, which is the distance a particle has traveled in the transverse view. For neutral particles, flight distance is given 
where
A complementary quantity used in this analysis is transverse impact distance d(h), which is the distance of the point of closest approach to the point of origin. For neutral particles,
of charged particles is simply the distance from r c to the point of origin.
The reconstruction of Λ candidates uses all tracks with p T > 0.4 GeV/c found in the COT.
Pairs of oppositely charged tracks are combined to identify these neutral decay candidates, and silicon detector information is not used due to the large transverse displacement of the Λ decay. Candidate selection is based upon the mass calculated for each track pair, which has a resolution of 1.5-2.0 MeV/c 2 and is required to fall within 9 MeV/c 2 of the nominal Λ mass [1] after the appropriate mass assignment for each track. The proton (pion) mass is assigned to the track with the higher (lower) momentum. This mass assignment is always correct for the Λ candidates used in this analysis because of the kinematics of Λ decay and the lower limit in the transverse momentum acceptance of the tracking system. Background to the Λ (cτ = 7.9 cm) [1] is reduced by requiring the transverse flight distance of the Λ from the beam position to be greater than 1.0 cm, which corresponds to typically 0.6 σ f , where σ f is the flight distance resolution.
For events that contain a Λ candidate, the remaining tracks reconstructed in the COT, again without additional silicon information, are assigned the pion mass, and Λ π − combina-tions are identified that are consistent with the decay process Ξ − → Λ π − . Several features of the track topology are used to reduce the background to this process. In order to obtain the best possible mass resolution for Ξ − candidates, the reconstruction requires a convergent fit of the three tracks that simultaneously constrains the Λ decay products to the Λ mass and the Λ trajectory to intersect with the helix of the π − originating from the Ξ − candidate.
The Λ π − mass obtained from this fit has a resolution comparable to the Λ and is required to fall within 9 MeV/c 2 of the nominal Ξ − mass [1] . In addition, the flight distance of the We interpret these as equivalent to a χ 2 with one degree of freedom whose probability of occurrence is 3.9 × 10 −12 and 3.6 × 10 −12 , corresponding to a significance that exceeds 6.8σ
for both the Ξ [1] . The results of these fits are listed in Table I . 
